We compared the changes in troponin T, creatine MB isoenzyme mass concentration (CK-MB mass), creatine kinase MB isoenzyme activity (CK-MB activity), creatine kinase (CK), IX-hydroxybutyrate dehydrogenase (HBD), lactate dehydrogenase (LD) and aspartate aminotransferase (AST) concentrations after coronary artery grafting with saphenous vein grafts, without or in combination with uni-or bilateral internal mammary artery(ies) as bypass vessels in 73 patients. An increase in CK concentration after surgery was highest for the bilateral internal mammary artery bypass patient group and lowest for the group who received only saphenous vein grafts. We present 90th percentile values for the seven tests.
Peri operative myocardial infarction (PMI) is a major complication in cardiac surgery and has negative prognostic implications.' Early diagnosis of PMI is important for optimal postoperative patient management. Many of the assays available to diagnose PMI have a limited specificity, except cardiac troponin T 2 and creatine kinase MB isoenzyme (CK-MB) mass. ' There is evidence that patients receiving one or two internal mammary artery grafts have improved long-term survival." However, compared with the use of vein grafts only, the use of internal mammary arteries may induce a large surgical trauma which may cause more biochemical disturbance after surgery. Therefore, appropriate reference intervals for the relevant analytes at specific intervals after cardiac surgery are required' to enable diagnosis of PMI.
The purpose of this study was to assess the influence of the various cardiac grafting methods on cardiac troponin T, CK-MB mass and the enzyme activities of CK-MB, CK, IX-hydroxybutyrate dehydrogenase (HBD), lactate dehydrogenase (LD) and aspartate aminotransferase Correspondence: G A HartT. E-mail: hartT@iae.nl 180 (AST) after coronary artery bypass graft (CABG) surgery.
PATIENTS AND METHODS

Patients
The study was approved by the local ethical committee and informed patient consent was obtained after explanation of the protocol. Seventy-four patients undergoing cardiac surgery at Catharina Hospital were included in our prospective study. Patients undergoing repeat CABG and patients with a confirmed myocardial infarct within I month prior to surgery were excluded from the study.
One patient died during surgery and was excluded from the evaluation. Of the remaining 73 patients, 17 underwent coronary artery bypass grafting using autologous saphenous vein grafts (SVG), 32 patients received SVG in addition to a single internal mammary artery as a bypass vessel (1MA), and 24 patients received SVG in addition to bilateral internal mammary arteries (BIMA).
Specimen collection
Blood specimens were collected just before surgery and at 4h, 12h, 19h, 45h and 70h postoperatively. The heparinized blood specimens were centrifuged and analysed immediately for all analytes except troponin T and CK-MB mass. For these two assays the specimens were stored at -20°C until analysis.
Assays
Cardiac troponin T was measured by an enzyme immunoassay on an ES-300 analyser (Boehringer Mannheim, Mannheim, Germany). The method is based on a single-step sandwich assay principle with streptavidin-coated tubes as the solid phase and two monoclonal anti-human cardiac troponin T antibodies." CK-MB mass concentrations were determined by a sensitive two-site enzyme immunoassay, which is highly specific for CK-MB, on an IMx analyser (Abbott Laboratories, Chicago, IL, USA). Both macro CK type I and mitochondrial CK do not interfere with the assay." All enzyme activities were measured on a Hitachi 717 analyser (Boehringer Mannheim) at 30°C with commercially available kits (Boehringer Mannheim). CK-MB activity was determined as residual activity after immunoinhibition of M-subunit activity with polyclonal antibodies. The assay included a blank measurement to eliminate possible interference due to the presence of adenylate kinase (EC 2.7.4.3.). HBD was assayed with e-ketobutyrate as substrate according to the recommendations of the Deutsche Gesellschaft ftir Klinische Chemie.! The HBD activity almost exclusively represents the catalytic activities of LD fractions I and 2. The activities of CK, LD. AST and alanine aminotransferase (ALT) were measured using methods based on recommendations by the International Federation of Clinical Chemistry. The ALTwas assayed in samples taken at 19hand 45 h. Creatinine was assayed by a kinetic Jaffe method on a Hitachi 717 analyser. Free haemoglobin was determined by a three-wave-Iength spectrophotometric procedure in serum samples taken at 4 h. Upper limits of reference values for a healthy population, according to the manufacturers' claims for the reagents, were: troponin T < 0·1 /lg/L; CK-MB mass < 5/lg/L; CK-MB activity < 16 U/L; CK (women) < 110 U/L, (men) < 130U/L; HBD < 165U/L; LD<290U/L; and AST (women) < 21 U/L, (men) < 25 U/L.
Diagnosis of myocardial infarction
PMI was diagnosed when the following criteria were fulfilled: (a) the appearance on electrocardiography (ECG) of new persistent Q waves > 0·04 s or equivalents (i.e., increased R wave leading to an R/S ratio> I in leads VI and V2); and (b) the development of new regional wall motion abnormalities on echocardiography.
Statistics
The Mann-Whitney U test? was used to evaluate differences between patient groups using a commercial software program (MedCalc software, Mariakerke, Belgium).
Combined Box-Whisker plots!" were drawn using MedCalc.
RESULTS
Five patients developed PMI based on ECG and echocardiography (two patients after IMA surgery and three patients after BIMA surgery). Of the remaining 68 patients, 17 patients underwent SVG (average number of grafts = 2,4), 30 patients underwent IMA (average number of additional SVGs = 2,9) and 21 patients underwent BIMA (average number of additional SVGs = 2,8).
Prior to surgery, one patient in the IMA group and one in the BIMA group had a plasma troponin T concentration higher than the reference value (values being 0·34 /lg/L and 0·28/lg/L, respectively). Elevated AST concentrations (of 28, 36 and 59 U/L) were found in three patients scheduled for BIMA.
The use of extracorporeal circulation during the surgery may cause some haemolysis. We noted free haemoglobin concentrations above 10 /lmol/L in 20 samples out of the 73 samples taken at 4 h. The highest free haemoglobin concentration was 37/lmol/L. The free haemoglobin concentrations of the five PMI patients were below 10/lmol/L. In in vitro haemolysis experiments, at a free haemoglobin concentration of 50/lmol/L, enzyme activities of erythrocytic origin (by our methods) were: CK-MB activity and CK below detection limit; HBD 90 U/L; LD 120 U/L; and AST 3 U/L. After surgery almost all patients showed elevated levels for all the assays. A few patients showed levels as high as those found in the five PMI patients.
All five PMI patients had values higher than those found in non-PMI patients for HBD at 19, elevated at 70 h while CK-MB mass had returned to almost pre-operative concentrations.
One PMI patient had relatively high AST activities [ Fig. I(g) ] -the highest activity was 407 U/L. This patient also had high ALT activity. All the other patients had AL T concentrations that were within the reference range. Table I shows the median results for troponin T, CK-MB mass, CK-MB activity, CK, HBD, LD and AST at the six different sampling times for the SVG, IMA and BIMA patient groups. In all patient groups, all postoperative values were higher than the preoperative values. Troponin T values were significantly lower in the BIMA group at 4h, 12h and 70h in comparison with the SVG group. The CK values were significantly higher for the IMA (at 12 h, 19 h, 45 h, 70h) and the BIMA (at 4 h, 12 h, 19 h, 45 h, 70 h) groups compared with the SVG group. Plasma AST values were higher in the BIMA group at 45 hand 70 h in comparison to the SVG group.
To obtain reference values for patients with an uncomplicated postoperative course, 90th percentiles were calculated. For CK, the 90th percentile for the SVG, IMA and BIMA groups is presented in Table 2 . For troponin T, CK-MB mass, CK-MB activity, HBD, LD and AST, Table 2 shows the results for the whole CABG group, as the median values did not differ between the three groups. Table 2 also shows the lowest concentration for the PMI group in order to compare these values with the 90th percentile values.
DISCUSSION
Patients who underwent cardiac surgery shortly after an acute myocardial infarction were excluded from the study because troponin T concentrations may remain elevated for a long period of time.
All assays performed in this study to detect myocardial tissue damage after cardiac surgery have limitations. As a result of trauma during surgery many biochemical substances are released into the circulation causing non-cardiac-related elevation of biochemical markers. The cardiac troponin T assay shows < 0·5% cross-reactivity with skeletal troponin T. 6 The contribution of skeletal muscle troponin T will therefore be small. Surprisingly, the median troponin T values at 4 h, 12 hand 70 h after surgery were lower in the BIMA group compared with the SVG group.
Impaired renal function can cause elevated troponin T concentrations. I I The highest creatinine concentration recorded in this study was Ann Clin Biochem 1999: 36 :... 154ttmol/L, excluding impaired renal function as the cause of elevation of troponin T concentrations.
As skeletal muscle contains only 1·1% CK-MB,7 the results of CK-MB mass concentration or CK-MB activity are unlikely to be affected by skeletal muscle trauma.
As we performed a blank correction, our CK-MB activity assay method using immunoinhibition was not subjected to interference by adenylate kinase.
The presence of atypical CK isoenzyme CK-BB-immunoglobulin G complex (macro CK type I) can cause falsely elevated results for CK-MB activity. Since all 73 patients showed preoperative CK-MB and CK activities within the reference values, we conclude that in our patients macro CK activity was absent.
Landaas et al. 12 have reported increased serum concentrations of CK-BB after coronary artery bypass surgery; this was assumed to be due to surgical damage to the saphenous vein, which contains high concentrations of CK-BB. The CK-BB activity returned to below the upper reference limit after 6 h. The peak concentration of CK-BB found in their patients was 10ttg/L and this is equivalent to about 8 U/L ofCK-MB activity in our assay. Since this is small in comparison to the release of CK-MB, the contribution of CK-BB to the test results in the first 6 h is likely to be minor.
The considerable CK elevation in patients undergoing internal mammary artery bypass grafting can be explained by extensive tissue damage during dissection of the internal mammary artery/arteries.
The HBD and LD assays are not very organspecific. Haemolysis can cause elevated HBD and LD activities. In our patients the elevation of HBD and LD by haemolysis was small because free haemoglobin concentrations measured after surgery were low.
The AST assay is not specific for cardiac muscle. The high AST values at 45 and 70 h in the BIMA group is likely to be due to extensive tissue damage when freeing the two internal mammary arteries from surrounding tissues. Hepatocellular damage is another cause of a rise in AST concentration. However, AL T activity at 19hand 45 h was not elevated, thus excluding a possible hepatic component. In one of the five patients in the PMI group a high AST activity was noticed between 45 hand 70 h postsurgery. In this case the ALT activity was also increased, indicating hepatocellular damage probably caused by heart failure.
PMI was diagnosed by ECG and echocardiography. There was complete separation of the PMI group patients' results from others for HBD at 19h, 45h and 70h and for LD at 45h and 70 h. The high HBD and LD values were not due to haemolysis as the measured free haemoglobin concentrations were below 10ttmol/L.
The results for other biochemical tests in some non-PMI patients were even higher than those in the PMI group. These higher results may be caused by subendocardial cell damage. PMI patients with positive ECG and echocardiographic changes had transmural cell damage.
Some of the 90th percentile values at 4 hand 12h were higher than the lowest measured concentrations in the PMI patient group. Thus, use of troponin T, CK-MB mass, CK-MB activity, HBD, LD and AST values is inappropriate to diagnose PMI at 4 hand 12h. The 90th percentile values and sampling times which are usable to diagnose PMI are: troponin T at 19h, 45h and 70h; CK-MB mass at 19h and 45h; CK-MB activity at 19h; HBD at 19h, 45h and 70 h; LD at 19h, 45 hand 70 h; and AST at 19 hand 45 h. For CK none of the sample times is applicable for the diagnosis of PMI.
The 97·5 percentile reference values for troponin T reported by Banning et al. 5 at 19 h, 45 hand 70 h were 3·50, 3·36 and 3·08 }1g/L, respectively, and these were higher than our 90th percentile reference values. Their CK-MB mass results are more comparable to ours. Mair et al. 13 stressed that troponin T reliably identifies PMI and that concentrations of troponin T below 2·5ttg/L ruled out clinically relevant myocardial injury. Our results, however, are not in accordance with these findings. In three patients, in whom PMI was confirmed by ECG and echocardiography, troponin T did not exceed 2·5 ttg/L. We conclude that, following cardiopulmonary surgery, CK values were higher for the IMA and BIMA groups than for the SVG patient group and that the specific markers troponin T and CK-MB mass appear to be no more useful as an indicator for PMI in the early postoperative phase than the classic markers HBD and LD.
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